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Results And Discussion
The proposed project research operated in a manner that subdivided the project into the tasks listed below. Each of these tasks is a more manageable piece than the whole, with achievable goals at each level that allowed for a more productive environment that facilitated adjustment and reassessment of objectives when necessary. Each project research task is described below followed by a description of the accomplishments that have been achieved:
Task 1 -Field Analysis of Present Environmental Concerns: It is
expected that the Powder River Basin may have previously undocumented environmental concerns directly linked to CBM production. The first task will involve the field inspection by experienced environmental assessment professional of many of the CBM wells to examine the possibility of apparent and palpable negative environmental effects. Some field sampling and laboratory analysis will be included to verify present condition.
• Task 
Task 2 -Delineation and Acquisition of Data for Analysis and GIS:
The Montana State Library Natural Resource Information System (NRIS) is a state supported data repository for Montana's wealth of geographically referenced natural resource data. The NRIS contains data on Montana's administrative/legal boundaries, land and water resources, environmental monitoring, mining, geology, mineral ownership, and other data that is available to the public free of charge. In conjunction with the acquisition of this data, the MBOGC also possesses and controls all of the oil and gas well records for the state of Montana, allowing the researchers maximum flexibility during the modeling process.
Preliminary investigations into data availability needed for this project have shown that much of the data already exists, but that some of the data will have to be created.
Task 3 -GIS Analysis:
The GIS analysis for this region will involve critically analyzing the present-day CBM production practices and the spatially related environmental data. The data will be utilized to spatially classify specific zonal regions of varying environmental characteristics.
Characteristics anticipated for review include; water production, water quality, hydraulic fracturing, pipeline construction, storage facilities, water impoundment & disposal facilities, underground injection activities, compressor station operations, geological features, hydrogeological controls, present contamination, land ownership, sensitive ecosystems, and CBM production rates. Each of these site characteristics will be independently evaluated, however, only the significant factors relating to cause and effect will be included in the final model. 
• Task 3 Accomplishments: GIS analysis was performed and an

Internet-based GIS application has been published to the MBOGC
Task 4 -Mid-Term Report:
The researchers will prepare a summary report covering the field investigation of the Powder River Basin, the delineation and gathering of existing GIS data and analysis of current CBM activities.
Besides a narrative of the accomplishments, the report will present and interpret the current environmental conditions of the Powder River Basin, identify data gaps in the identified materials acquired, as well as discuss the GIS technologies employed during the analysis. Also to be included are recommendations for revisions to the framework for work before and during the BMP development task. This report will be issued within 60 days of the completing the GIS analysis.
Task 5 -Development of Best Management Practices and
Workshops: BMPs will be developed for the discrete zonal regions and will effectively describe how to administer practices to best protect the environmental conditions of the Powder River Basin. In the process of developing these BMPs, full consideration will be given to the economic ramifications of overly rigorous limitations, and efforts will be focused upon maintaining the viability of this industry while simultaneously minimizing long-term damage to the environment. The findings and recommendations by the MBOGC will be incorporated into the BMPs by region and address specific issues where applicable. The BMP and mitigation strategies will consist of those techniques endorsed by the MBOGC for use in various parts of the state during CBM exploration and production activities. The principal investigators will present several workshops to demonstrate BMPs to industry and the public. The workshops will be organized, scheduled, and advertised by the MBOGC.
• Task Task 6 -Development of Decision Analysis Processes: Long-term viability of the tools created by this project will require an immense infrastructure of data and programmatic decision-making. Once this infrastructure is in place, these tools will be able to provide a real-time analysis tool that will enable the MBOGC to quickly and efficiently examine environmental impacts of a proposed well. The general public will also have access to this information over the Internet, providing producers with the information they need to fully appraise a proposed well.
ESRI's ArcIMS 4.0 was selected as the Internet map server for this application. ArcIMS provides many unique built-in functionalities and
gives maximum flexibility for customization. The core of the web site is built using HTML frames embedded with Javascript to control code execution, dynamically generate requests to be sent to the server, send and receive requests between the client browser and the server, and dynamically generate output HTML in the client browser. Active Server Pages (ASP) are also used to dynamically generate the production data for each individual well. ArcIMS was chosen because of a rapid customization environment, rapid deployment tools, low overall cost, and ESRI's current position as an industry leader in GIS software. 
ESRI's ArcSDE 8.2 was utilized as the enterprise-level GIS
The Risk Based Data Management System (RBDMS) is also utilized in this application. Data stored in RBDMS on oil and gas wells is used to continually update the site with the latest information. The locations and production data stored in RBDMS are replicated to the MBOGC web server and are there used in this application.
Functionality
The functionality of this application is very diverse. The following is a discussion of many of the features of the application that make it both useful and unique.
Project Planning and Analysis Report
The Project Planning and Analysis Report is the most complex part of and is the core of the application. Generating a report provides the user with a list of the known environmental conditions of the selected study area. The report contains calculations of area features to produce total area of each individual feature type, length calculations for linear features, and a formatted list of all point features contained in the study area. The report calculations and analysis were designed so that each individual layer is no more important than any other layer, thus the level of effort for future enhancements and transferring this technology to another state is reduced. The report is generated by following a few simple steps to define the study area and selecting the layers to be reported on.
The following is a description of those steps. 
1) Define Study Area
FGDC) compliant metadata (when available). The legend also lists the source scale and most current reference (when available).
Identification of Features
Any feature available on the map can be identified and reported on. 
Map Printing Capabilities
The current view of the map can be printed at any time during the application. The user can also specifiy a title to be displayed on the map which opens in a new window.
Find/Query
The application can also search for any feature based on a text attribute of each feature in the active layer. The Find tool will search all attributes to find a matching string value, while the Query tool searches only one attribute at a time, giving the user the flexibility to search for numbers or strings.
Measure
The application also has a measuring tool. The measurement is displayed to the user in the current units of the map.
Overview Map
The application contains an overview map that continually gives the user the location of the current map relative to the statewide map.
The Overview map can be toggled on or off as needed. Task 8 -Preparation of GIS Developed BMP Guidelines: An extensive manual detailing processes, lesson learned, and steps involved in the creation of the framework will be written and made available to the public. This discussion will include the applicability of this process for other CBM producing regions and will include the following: discussion of data needs and acquisition; discussion of analysis approach; discussion of processes used for BMP development; discussion of GIS application in CBM Environmental Assessment (EA) and BMP use in ongoing EIS.
Zooming/Panning
• Task River Basin project results will be generated and made available to the public. A website containing full disclosure of the details of the project will be created and maintained by ALL-LLC. The website will include related source information such as the GIS technologies utilized, data acquisition sources, applicability of decision process, ease of framework development, factors considered and areas for improvement. The site will be a Web-based self-study Microsoft PowerPoint97 product designed to be accessible from various search engines and designed to be completed in 30 to 45 minutes. The site will conclude with an incorporated feedback quiz that will track users names and the dates of review. This information will be used to identify possible training interests and track developments of CBM BMP in other states.
Conclusion
The researchers were committed to the successful completion of this project to facilitate the efficient development of CBM in an environmentally sound manner. The development of Best Management Practices and Mitigation Strategies utilizing GIS technologies for efficient environmental protection in conjunction with effective development of CBM has recently become of national significance. The rapid increase of CBM production necessitated this research and the results of this research have been proven invaluable thus far as evidenced by its widespread use and national recognition. The framework developed during this project will continue to be utilized in both the short term and long term and is best supported by the fact that many other agencies throughout the nation are currently planning to use these tools in upcoming projects. The researchers believe a key factor in measuring the success of this project is that further tools are currently planned for development that utilize many of the technologies developed as part of this project.
